Presence of GE interaction reduces the correlation between genotypic and phenotypic parameters and complicates progress of selection. Among several methods proposed for evaluation of the GE interaction, the AMMI model is one of the most commonly used. The objective of this study was to estimate the GE interaction in new barley lines using the AMMI model, and to identify winter barley genotypes with stable and high yield. Multi-location trials with 25 winter barley advanced lines were conducted at four locations. The AMMI model was used to estimate GE interaction. The AMMI analysis of variance indicated that the genotype, environment and GE interaction had significant influence (p<0,01) on barley grain yield. Based on AMMI method, G8 and G18 could be recommended for further testing due their high and stable yields.
Introduction
Barley breeding and selection is a timeconsuming process that in many cases lasts over a decade. At the Institute of Field and Vegetable Crops, Novi Sad, plant breeders are constantly developing new barley cultivars, which have higher grain yield, quality and other desirable agronomical traits (Pržulj and Momčilović, 2010) . One of the most important aims in barley breeding is the selection of superior genotypes from advanced generations.
In order to evaluate the performance of these genotypes, which could be potentially released as new cultivars, plant breeders conduct field trials at different locations. These tests enable collection of data about genotype stability and adaptability. Adaptability is the response of the genotypes to the differences between the locations (Lin and Binns, 1991) , while stability represents the response of genotypes to variations between years (Lin and Binns, 1994) . Multi-location trials usually consist of 20-30 advanced genotypes and are conducted at locations that represent actual conditions in large scale productions.
Changes in cultivar performance across various environments are attributed to the effect of the genotype × environment (GE) interaction (Kang, 2004) . Most important agronomical and economical traits such as grain yield, are quantitative in nature and routinely exhibit genotype x environment interaction (Dimitrijević and Petrović, 2000) .Understanding of the GE interaction is important during the development of new adapted cultivars, since it reduces the correlation between genotypic and phenotypic parameters and interferes with the progress of selection (Comstock and Moll, 1963) .
Among several methods proposed for evaluation of the GE interaction, the AMMI model is one of the most commonly used. It combines the analysis of variance (ANOVA) and the principal component analysis (PCA) in a single model (Gauch and Zobel, 1992) . The AMMI biplot graphic display simultaneously both main and interaction effects for genotypes and environments, and enables a simple analysis of the GE interaction (Zobel et al., 1988) . AMMI model has been used for understanding the GE interaction in various crops. Mitrović et al. (2012) tested this model for evaluation of 19 experimental maize hybrids across 12 environments. Also, Rodriguez et al. (2007) The objective of this study was to estimate the GE interaction using the AMMI model, and to identify winter barley genotypes with stable and high yield performance across different locations. . The planting and the harvest were performed by machine. Barley grain yield was adjusted to 14% moisture and expressed in t ha -1 . The application of mineral fertilizers was conducted based on agrochemical analysis.
Materials and methods

Multi
The AMMI model was used to distinguish the genotype main effect, environment main effect and GE interaction, and it can be represented with the following formula (Zobel et al., 1988): where is the yield for the genotype g in the environment the replication , is grand mean estimated with , is genotypic mean deviation from the total mean estimated from the difference -, is the environmental mean deviation estimated from the difference -, N is the number of interaction principal component axis (IPCA), is a singular value for n interaction principal component axis, is genotypic eigenvector for IPCA axis n, is eigenvector of environment for IPCA axis n, is a residue when not all PCA axis are included and is an error.
Software STATISTICA 12 was used for two-way ANOVA, and the means were compared using LSD test. AMMI analyses were performed using Excel Biplot Macros (Lipkovich and Smith, 2002) .
Results аnd discussion
The AMMI analysis of variance indicated that all three factors, the genotype, environment and GE interaction had significant influence (p<0,01) on barley grain yield (Table 1) . Based on Table 1 , it is evident that environment had the highest effect on barley yield, and this factor explained 61,8% of treatment variation. GE interaction explained 25,7% of treatment interaction, while contribution of genotype in total treatment variation was 12,4%. Yan and Rajcan (2002) similarly reported that environment had the highest effect on soybean yield. According to Stanisavljević et al. (2013) , E explained 50-84% of treatment variation, G accounted for 5,3-13,6%, while GE explained 6,7-36,3% of treatment variation. Values of the first two IPCA axes were highly significant. IPCA1 and IPCA2 accounted 71,4% and 20,5% of GE interaction, respectively. IPCA1 and IPCA2 accounted total 91,9% of GE in- in SM (Table 2) . G8 was the highest yielding genotype with average grain yield of 11,17 t ha -1 , followed with G5 which had average grain yield 10,85 t ha -1 . The lowest yielding genotype was G10, and its average grain yield was 9,01 t ha -1 . Differences in genotype ranking i.e. differences in yield across various environments were also present. For example, in environment RS the most productive genotype was G5, while in environment SO G8 performed better than other genotypes. According to Zobel et al. (1988) , traditional statistical methods (ANOVA, PCA and linear regression) are often not effective for understanding and evaluating complex data from multi-environments yield trials. In contrast to the standard statistical analyses, AMMI incorporates ANOVA and PCA into a single model and enables simple visual interpretation of the GE interaction. AMMI model is usually constructed from the first two IPCA axes, although some researchers use model with first three or four IPCA axes (Sivapalan et al., 2000) . Most of the noise appears in the interaction effect, since the interaction effect has more degrees of freedom than genotype and environmental main effects. IPCA1 axis captured the highest percentage of the interaction effect that is closest to linearity. Each of the following axes is perpendicular to the previous, capturing less of the explained variation and involving more noise due to the increased number of the degrees of freedom (Babić et al, 2011) . The models AMMI1 and AMMI2 are the most frequently used, because the higher-order IPCA axes are more burdened by the noise. According to Kaya et al. (2002) the most accurate model for AMMI can be predicted by using the first two IPCAs. Further, Gauch and Zobel (1996) stated that third and higher IPCA have no predictive value and no biological interpretability, since they are dominated by noise.
In the AMMI1 biplot, x axis represents the genotypes and environment main effect and y axis represents the effects of interaction (Figure 1) . Therefore genotypes that have small IPCA1 values are more stable. The majority of genotypes had grain yield close to average yield, but they had different IPCA1 values. Genotypes G18, G13, G16, G1, G24 and G8 could be separated as the most stable genotypes. Among them, grain yield of G1 and G24 was among the lowest and therefore these two genotypes should not be used for further testing. On the other hand, genotypes G2 and G3 were the most unstable genotypes with low average yield. According to this traits, G2 and G3 should not be recommended for further breeding program. Genotypes G13, G16 and G18 were among the most stable genotypes with grain yield close to overall average. Genotypes G8, G5, G18 and G22 could be highlighted as most productive genotypes. Although these genotypes had high yield, G8 and G18 had better stability and represents a desirable genotype in further barley breeding process. Location SM stood out as environment with small contribution to GE interaction and high average yield. The main reason for high average yield in this environment are the optimal climate conditions that occurred during the crop cycle and relatively higher natural fertility of soils compared with the other environments such as PA. RS was intermediate contributor to the interaction. On the other hand, environments PA and SO had the highest IPCA1 value, which indicates that these environments contributed most to the GE interaction. For example G3 was the lowest yielding genotype in SO, while in PA was third highest yielding genotype (Table 2 ).
AMMI2 biplot was constructed us-using genotypic and enivronmental scores of the first two IPCA axes (Figure 2 ). Genotypes positioned close to the biplot origin are more stable compared to the genotypes positioned further away. Among tested cultivars, G1, G10 and G4 could be separated as the most stable genotypes. On the other hand, G24, G2, G3 and G5 were placed further from the biplot origin, which indicates that these genotypes have specific adaptation. Genotypes that were positioned close together have positive association. For example, G3 and G5, and G16 and G18 were highly associated. Association between these genotypes was expected since they originated from similar genetic pool. Additionally, in the AMMI2 biplot, genotypes and environments that are placed close to each other have positive association, which enables creation of specific agronomic zones. For instance, G16, G18 and G24 were positioned near the environment SM, whereas G2 was adapted to PA.
Conclusion
Based on this study, it could be concluded that AMMI1 and AMMI2 are very applicable for analysis of barley multi-location trials. The results enabled better understanding of barley genotypes performance over several environments, and selection of stable and high yielding genotypes. Among tested genotypes, G2 and G3 were the most unstable genotypes, with average grain yield among lowest and therefore, these genotypes should be excluded from further breeding program. On the other hand, G8, G5, G18 and G22 could be separated as highest yielding genotypes. Furthermore, due its better stability G8 and G18 could be recommended for further testing. These results could be considered as preliminary, and for further selection of desirable genotypes it would be necessary to conduct trials on an increased number of locations over several years. Besides G8 and G18, genotypes with lower stability and high average yield should be included in these trials.
